Application of homotopy perturbation method to the Zakharov-Kuznetsov equation 
Introduction
The investigation of the traveling wave solution play an important role in nonlinear science.These solutions may well describe various phenomena in nature, such as vibrations, solitons and propagation with a finite speed. The wave phenomena observed in fluid dynamics, plasma and elastic media. Rosenau and Hyman [1] 
The new solitary wave special solutions with compact support for the nonlinear dispersive equations:
( , ) K m n 1 To whom any correspondence should be addressed. (3) are presented by Wazwaz [3] .Ismail and Taha [4] used a finite difference method and a finite element method to investigate the approximate solutions of and in Equation (1) . The main goal of this paper is to investigate the ZK equation of the form (shortly called ZK ( ,
where a, b, c are arbitrary constants and , , k are integers. This equation governs the behavior of weakly nonlinear ion-acoustic waves in plasma comprising cold ions and hot isothermal electrons in the presence of a uniform magnetic field [5] .
m n
In this letter, we apply the homotopy-perturbation method (HPM) to the ZK equation. The HPM deforms a difficult problem in to a simple problem which can be easily solved.
Basic idea of Homotopy-perturbation method
Linear and Nonlinear phenomena are of fundamental importance in various fields of science and engineering. Most models of real -life problems are still very difficult to solve. Therefore, approximate analytical solutions such as Homotopy-perturbation method (HPM) [6] [7] [8] [9] [10] [11] [12] [13] were introduced. This method is the most effective and convenient ones for both linear and nonlinear equations. Perturbation method is based on assuming a small parameter. The majority of nonlinear problems, especially those having strong nonlinearity, have no small parameters at all and the approximate solutions obtained by the perturbation methods, in most cases, are valid only for small values of the small parameter. Generally, the perturbation solutions are uniformly valid as long as a scientific system parameter is small. However, we cannot rely fully on the approximations, because there is no criterion on which the small parameter should exists. Thus, it is essential to check the validity of the approximations numerically and/or experimentally. To overcome these difficulties, HPM have been proposed recently.
To explain this method, let us consider the following function:
with the boundary conditions of:
where A , B , ( ) f r and Γ are a general differential operator, a boundary operator, a known analytical function and the boundary of the domain Ω , respectively. Generally speaking the operator A can be divided in to a linear part L and a nonlinear part . Equation (5) can therefore, be written as:
By the homotopy technique, we construct a homotopy ( , ) : 
where is an embedding parameter, while is an initial approximation of Equation (5), which satisfies the boundary conditions. Obviously, from Equations (8) and (9) we will have:
The changing process of p from zero to unity is just that of from to .In topology, this is called deformation, while
According to the HPM, we can first use the embedding parameter p as a "small parameter", and assume that the solutions of Equations (8) and (9) can be written as a power series in p:
Setting yields in the approximate solution of Equation (5) to:
The combination of the perturbation method and the homotopy method is called the HPM, which eliminates the drawbacks of the traditional perturbation methods while keeping all its advantage. The series (13) is convergent for most cases. However, the convergent rate depends on the nonlinear operator ( ) A v . Moreover, He made the following suggestions [13] :
• The second derivative of ( ) N v with respect to v must be small because the parameter may be relatively large, i.e. 1 p → .
• The norm of 1 
N L v
− ∂ ∂ must be smaller than one so that the series converges.
Example
We consider the ZK (3, 3, 3) 
where λ is an arbitrary constant. We assume λ =1.
Application of Homotopy-perturbation method
We consider the following process after separating the linear and nonlinear parts of the equation. A homotopy-perturbation method can be constructed as follows: 
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with the following conditions:
With the effective initial approximation for from the conditions (19) and solutions of Equations and 18 may be written as follows: In the same manner, the rest of components were obtained using the maple package. According to the HPM, we can conclude that: ,
It can be seen good agreement between results of HPM and ADM as shown in Figures (1) , (2) and Tables (1) , (2) [14] . The homotopy perturbation method is employed successfully to study problem of ZK (3 .The results obtained here were compared with the ADM. The results revealed that the homotopy perturbation method is powerful mathematical tool for solutions of nonlinear differential equations in terms of accuracy and efficiency. , 3, 3) 
